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(54) Apparatus and method for controlling output of an oxygen concentrator 



(57) An oxygen concentrator having a motor 
(14)(25)(29) (38)(42)(59) and a compressor (67)(76) 
whereby oxygen is concentrated from an outside air 
flow characterized by having a feedback mechanism for 



the controlling the output of compressor (67)(76) 
according to the concentration of oxygen in a sample of 
oxygen enriched air (G) produced by the concentrator. 
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Description 

Background of the Invention 

[0001 ] This invention relates to an apparatus for con- 
trolling the concentration of oxygen from an oxygen 
generator and the method of using the same, more spe- 
cifically to a positive feed-back apparatus for controlling 
an AC motor driven oxygen concentrator based upon 
the concentration of oxygen in gas generated by the 
concentrator. 

[0002] Oxygen concentrators are well-known in the 
art. Oxygen concentrators are used in medical practice 
to generate oxygen enriched air for patients with chronic 
respiratory disease or other health problems. Prior to 
the development of oxygen concentrators, patients were 
required to breath from oxygen masks or nasal cannu- 
lae attached to gas bottles containing compressed or 
liquid oxygen. Oxygen concentrators are generally 
smaller, portable and more cost-effective and provide a 
desirable alternative to bulk oxygen tanks for patients 
who do not require pure oxygen but who can function 
well with oxygen enriched air. 
[0003] Generally speaking, an oxygen concentrator is 
comprised of a molecular sieve that absorbs unwanted 
gases, such as nitrogen, out of compressed atmos- 
pheric air resulting in an oxygen-rich air for breathing 
purposes. Various methods and devices for concentrat- 
ing oxygen or fractionating gases have been disclosed, 
for example, in U.S. Patent No. 4,545,790 to Miller et al., 
U.S. Patent No. 4,449,990 to Tedford, Jr. and U.S. Pat- 
ent No. 4,440,548 to Hill. 

[0004] In conventional oxygen concentrators, the 
amount or concentration of oxygen generated is 
dependent upon the amount of compressed atmos- 
pheric air provided to the molecular sieve in the genera- 
tor. Generally, a motor-driven compressor draws 
ambient air into the generator, increasing the pressure 
level of the ambient air to a supra-atmospheric pressure 
level. The supra-atmospheric air is directed to the 
molecular sieve where the unwanted gases are 
adsorbed by an adsorbent, for example, zeolite or other 
appropriate adsorbent. The unwanted gases are 
adsorbed thereby increasing the concentration of oxy- 
gen. This reaction is rate dependent; the more concen- 
trated (supra-atmospheric) ambient air introduced to the 
molecular sieve, the greater the concentration of oxygen 
generated by the oxygen concentrator at a given rate of 
flow of oxygen enriched output. For purposes of clarity, 
the present invention will be described as applied to the 
zeolite-based method of oxygen generation. However, 
the present invention has application in other technolo- 
gies, including hollow fiber, membrane, electrolysis, and 
ceramic-based technologies. 
[0005] Heretofore, the concentration of oxygen gener- 
ated by prior art concentrators was pre-set and did not 
vary depending upon demand. For example, a predeter- 
mined oxygen concentrator and volume was generated 



regardless of the oxygen requirement of the patient. 
However, this method is inflexible and does not respond 
to changes in oxygen concentration in the oxygen-rich 
air that is generated. Moreover, if the adsorbent, such 

5 as zeolite, becomes saturated, the concentration of oxy- 
gen in the generated oxygen enrich air may decrease. 
In the prior art oxygen concentrators, there is no feed- 
back mechanism to test the concentration of oxygen 
enrich air that leaves the generator and drive the oxy- 

10 gen concentrator to produce more supra-atmospheric 
air so as to produce a higher concentration of oxygen in 
the generated oxygen enrich air. Thus, the patient or 
user of the oxygen generator will receive air with a 
decreased oxygen concentration. 

15 [0006] These prior art concentrators have to run con- 
stantly at a preselected rate of speed generating heat 
and noise which leads to premature equipment failure. 
Additionally, when a patient who requires a common 
prescription of, for example, two liters of oxygen per 

20 minute uses a concentrator that produces up to five lit- 
ers per minute, an ineff iciency results since the concen- 
trator is operating at a rate that will produce five liters 
per minute. There are increased operating costs that 
usually are borne by the patient. 

25 [0007] It is, therefore, desirable to have an oxygen 
concentrator that generates an oxygen enriched air that 
can respond to the actual concentration of oxygen gen- 
erated using a gas measuring device that can detect the 
concentration of oxygen in a sample and then, through 

30 a feed-back mechanism, adjust the rate of operation to 
accommodate changes in the oxygen concentration. 

Object of the Present Invention 

35 [0008] It is a principal object of the present invention 
to provide an apparatus that can control the percentage 
of oxygen emitted from an oxygen concentrator through 
a feedback mechanism that adjusts for the concentra- 
tion of oxygen detected in a sample of the generated 

40 oxygen enriched air. 

[0009] Another object of the invention is to provide a 
method of controlling the percentage of oxygen gener- 
ated by an oxygen concentrator in response to the con- 
centration actually generated so that the concentrator 

45 runs at optimum efficiency with less heat and noise. 
[0010] Still another object of the present invention is 
to provide an apparatus for controlling the percentage of 
oxygen generated by an oxygen concentrator utilizing a 
gas analyzer and a feed-back mechanism for controlling 

so the speed of the concentrator motor so as to control the 
amount of supra- atmospheric air exposed to the molec- 
ular sieve in response to the concentration of oxygen in 
a sample. 

[001 1] Another object of the invention is to provide a 
55 control mechanism for an oxygen concentrator which 
provides for precise control of the amount of oxygen 
generated by the concentrator during domestic use so 
that a home-bound patient can be assured that the pre- 
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cise quantity of oxygen is being generated. 
[001 2] Yet another object of the present invention is to 
provide a means for efficiently controlling an oxygen 
concentrator to provide the required amount of oxygen 
to the patient at all times. 

[001 3] Still another object of the invention is to provide 
means for efficiently controlling an oxygen concentrator 
so that the mechanical components within the concen- 
trator are subjected to minimum heat and mechanical 
wear. 

[0014] Yet a further object of this invention is to pro- 
vide means fro controlling the actuation and operations 
of a motor means, such as a linear motor means, in its 
functioning of an oxygen concentrator to provide a high 
percentage of generated oxygen. 
[0015] Briefly stated, an apparatus and method of 
using the same is provided for controlling the output of 
an oxygen concentrator wherein an oxygen concentra- 
tor indicator (O.C.I.) comprised of an oxygen sensor 
monitor and a circuit board receives a continuous sam- 
ple or periodic sample of concentrator oxygen-enriched 
gas. The output of the O.C.I, is converted to an electrical 
output level (i.e. 0 to 1 volt DC) corresponding to 0% to 
100% oxygen or other oxygen range as may be appro- 
priate for the application. The voltage is fed to a plurality 
of set point amplifiers corresponding to preset oxygen 
concentrations. The set-point amplifier outputs are ana- 
lyzed by a logic block to ensure that only one of a plural- 
ity of solid state relays is energized at any one time. The 
logic block also contains time delays to accommodate 
small fluctuations in the concentration of the sample gas 
levels. The solid state relays in turn selectively energize 
appropriate taps on the oxygen concentrator AC motor 
winding, the appropriate r.p.m. tap being selected in 
direct relationship to the percentage of oxygen in the 
sample from the concentrator. 
[0016] In other embodiments, the electrical output 
may create a digital signal, an analog signal or digital 
output to provide a feedback mechanism. The feedback 
mechanism is used to control the oxygen concentrator 
by adjusting the rate of operation of the motor, the com- 
pressor, the vacuum valve or bleed valve to accommo- 
date changes in the oxygen concentration and/or 
oxygen enriched output. The feedback mechanisms of 
the present invention also can be used to control the 
speed and output of the motor cooling fan or concentra- 
tor ventilating fan to prevent premature wear of the 
device. 

[001 7] According to the present invention there is pro- 
vided an 

apparatus for controlling the concentration of oxy- 
gen from an oxygen concentrator employing an AC 
compressor motor comprising: 

an oxygen concentration indicator having a 
pre-printed circuit board and an oxygen sensor 
for determining a concentration of oxygen in an 



air sample operatively connected to said circuit 
board; 

a plurality of set point amplifiers operatively 
connected to said circuit board; 
5 a logic block operatively connected to said plu- 

rality of set point amplifiers; 
a plurality of solid state relays, each one of said 
relays being operatively connected to said logic 
block; and 

10 a plurality of winding taps on a winding of such 

AC motor, each one of said taps operatively 
connected to one of said solid state relays. 

[0018] In an embodiment of the invention said circuit 
15 board converts said concentrations of oxygen is an air 
sample to a DC voltage corresponding to said oxygen 
concentration. 

[001 9] In an embodiment of the invention said oxygen 
sensor is an ultrasonic gas measuring device capable of 

20 detecting the concentration of oxygen in a gas sample. 
[0020] In an embodiment of the invention said logic 
block is a pre-programmed logic block capable of selec- 
tively relaying sard DC voltage to one of said plurality of 
solid state relays at a time. 

25 [0021 ] The present invention further provides a 

method of controlling the concentration of oxygen 
from an AC motor-driven oxygen concentrator com- 
prising the steps of: 



30 



35 



40 



45 



50 



determining the concentration of oxygen in a 
sample produced by such oxygen concentra- 
tor; 

converting said oxygen concentration to a low 
DC voltage which corresponds to said oxygen 
concentration; 

feeding said voltage to a plurality of set point 
amplifiers; 

amplifying said voltage; 

feeding said amplified voltage to a logic block; 

analyzing said voltage; 

determining a rate of revolutions per minute for 
such AC motor based upon said voltage; 
energizing one of a plurality of solid state relays 
based upon said rate of revolutions per minute; 
and 

energizing an appropriate winding tap on such 
AC motor through said solid state relay based 
upon said rate of revolutions per minute. 



[0022] In an embodiment of the invention said step of 
analyzing said voltage further includes the step of insur- 
ing that only one said solid state relay is energized at a 
time. 

55 [0023] In an embodiment of the invention said step of 
determining an appropriate rate of revolutions per 
minute of said AC motor further comprises the step of 
delaying the feeding of the determination to a solid state 
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relay so as to accommodate small fluctuations in said 
oxygen concentration. 

[0024] In an embodiment of the invention there are 
three taps on said AC motor. 
[0025] According to the present invention there is yet 
further provided 

[0026] An apparatus for controlling the concentration 
of oxygen from an AC motor-driven oxygen concentrator 
comprising: 

a pre-printed circuit board capable of converting an 
oxygen concentrated to a DC voltage; 
an ultrasonic gas measuring device for measuring a 
concentration of oxygen in a sample of air gener- 
ated by such oxygen concentrator operatively con- 
nected to said circuit board; 
a plurality of preset set-point amplifiers operatively 
connected to said circuit board; 
a logic block operatively connected to said plurality 
of set point amplifiers; 

a plurality of solid state relays, each one of said 
relays being operatively connected to said logic 
block; and 

a plurality of winding taps located on such AC 
motor, each one of said winding taps being opera- 
tively connected to and capable of energization by 
one of said plurality of solid state relays. 

[0027] The present invention also provides an 

apparatus for controlling the concentration of oxy- 
gen from an oxygen concentrator comprising: 

an AC motor disposed to drive said oxygen 
concentrator; 

a plurality of winding taps on a motor winding of 
said AC motor capable of limiting the revolu- 
tions per minute of said motor; 
a plurality of solid state relays, each one of said 
solid state relays being operatively connected 
to one of said plurality of motor winding taps; 
a logic block operatively connected to said solid 
state relays, said logic block being capable of 
energizing one of said plurality of solid state 
relays at a time so that one of said winding taps 
is energized at a time; 

a plurality of set point amplifiers operatively 
connected to said logic block; 
an oxygen concentrator indicator circuit board 
operatively connected to said plurality of set 
point amplifiers, said circuit board capable of 
converting an oxygen concentration in a sam- 
ple of air to a DC voltage; and 
an oxygen concentration sensor operatively 
connected to said circuit board, said sensor 
disposed to receive an air sample from such 
oxygen concentrator and determine a concen- 
tration of oxygen in said sample and relaying 



said concentration to said circuit board. 
[0028] The present invention further provides an 

5 apparatus for controlling the concentration of oxy- 
gen from an oxygen concentrator comprising: 

a motor control; 

an ultrasonic gas measuring device for meas- 
io uring the concentration of oxygen in a sample 

of air generated by the oxygen concentrator; 
feedback means from said ultrasonic gas 
measuring device to the motor control whereby 
the function of a concentrator motor varies 
is according to the oxygen concentration. 

[0029] In an embodiment of the invention the appara- 
tus further comprises 

20 an air intake means in communications with the 
oxygen concentrator to regulate and control the 
quantity of air flow into the concentrator during 
operation to control the amount of oxygen produced 
by the apparatus. 

25 

[0030] The present invention also provides an 

oxygen concentrator having a motor, a motor driven 
compressor, a motor driven ventilation fan and an 

30 absorption means for concentration of oxygen from 
an outside air flow, the improvement comprising: 
a feedback mechanism for controlling the output of 
the compressor according to a concentration of 
oxygen in a sample of oxygen enriched air pro- 

35 duced by the concentrator. 

[0031 ] In an embodiment of the invention the feedback 

mechanism is a multispeed A.C. mechanism. 

[0032] In an embodiment of the invention the feedback 

40 mechanism is a set-point frequency mechanism. 

[0033] In an embodiment of the invention the feedback 
mechanism is a variable frequency mechanism. 
[0034] In an embodiment of the invention the feedback 
mechanism is a multispeed D.C. mechanism. 

45 [0035] In an embodiment of the invention the feedback 
mechanism is a pulse width modulation mechanism. 
[0036] In an embodiment of the invention the feedback 
mechanism is a fbw position control mechanism. 
[0037] The present invention yet further provides an 

50 

apparatus for controlling the concentration of oxy- 
gen from an oxygen concentrator comprising: 

a linear motor disposed to drive said oxygen 
55 concentrator; 

a plurality of taps upon the linear motor and 
capable of limiting the stroke per minute of said 
motor; 
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a plurality of switching means, each one of said 
switching means being operatively connected 
to one of said plurality of linear motor taps, 
a logic block operatively connected to said 
switching means, said logic block being capa- 
ble of energizing one of said plurality of switch- 
ing means at a time so that one of said motor 
taps is energized at a time; 
a plurality of set-point amplifiers operatively 
connected to said logic block; 
an oxygen concentrator indicator circuit board 
operatively connected to said plurality of set- 
point amplifiers, said circuit board capable of 
converting an oxygen concentration in a sam- 
ple of air to a DC voltage; and 
an oxygen concentration sensor operatively 
connected to said circuit board, said sensor 
disposed to receive, an air sample from said 
oxygen concentrator and determine a concen- 
tration of oxygen in said sample and relaying 
said concentration to said circuit board. 

Brief Description of the Drawings 

[0038] 

Fig. 1 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing multispeed A.C. means for 
controlling the operation of an oxygen concentrator; 
Fig. 2 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing set-point frequency means for 
controlling the operation of an oxygen concentrator; 
Fig. 3 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing variable frequency means for 
controlling the operation of an oxygen concentrator; 
Fig. 4 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing multispeed D.C. means for 
controlling the operation of an oxygen concentrator; 
Fig. 5 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing pulse width modulation means 
for controlling the operation of an oxygen concen- 
trator; 

Fig. 6 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing flow position control means for 
controlling the operation of an oxygen concentrator; 
Fig. 7 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention employing flow sensor control means for 
controlling the operation of an oxygen concentrator; 
Fig. 8 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention using intake control means for controlling 



the operation of an oxygen concentrator; and 
Fig. 9 is a partial schematic, partial diagrammatic 
view of the apparatus and method of the present 
invention using bleed air control means for control- 
5 ling the operation of an oxygen concentrator. 

Description of the Preferred Embodiment 

[0039] The apparatus for controlling the concentration 

w of oxygen from an oxygen concentrator using mufti - 
speed A.C. means is shown generally schematically 
and diagrammatically as reference numeral 1 in Fig. 1. 
[0040] A gas sample inlet port 2 consisting of a tube 
or fitting or other appropriate means is operatively con- 

15 nected to and leads from an oxygen concentrator unit 
(not shown). A sample of the gas G generated by the 
concentrator flows into device 1 comprised of an oxygen 
concentration indicator 3, a conventional pre-printed cir- 
cuit board 4 and oxygen sensor 5. 

20 [0041] The oxygen sensor 5 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5,060,514, which is owned by the common 
assignee of this application, the disclosure of which is 
herein incorporated by reference. Printed circuit board 4 

25 integrates the oxygen content of sample G as deter- 
mined by sensor 5 and converts the concentration to an 
electrical output ranging from 0 to 1 volt DC which cor- 
responds to 0 to 100 percent oxygen. The type of cir- 
cuitry provided upon the board 4 as used in conjunction 

30 with the sensor 5 will be similar if not very related to the 
type of circuitry utilized to provide functionality to the 
gas measuring device as explained in said United 
States patent. 

[0042] Oxygen concentration indicator 3 is electroni- 

35 cally connected to a plurality of set point amplifiers, 
shown as amplifier 6, 7, and 8 in Fig. 1. The set-point 
amplifiers are voltage comparators, for example, those 
available from National Semiconductor (# LM393). 
Although the preferred embodiment employs three such 

40 set-point amplifiers, it should be noted that any number 
greater than one may be used. There also is a prepro- 
grammed logic block 9. Set-point amplifiers 6 to 8 three 
relays 10, 11 and 12. Although three relays are 
employed in the preferred embodiment, it should be 

45 noted that there may any number greater than one cor- 
responding to the number of set-point amplifiers 
employed. The relays may be mechanical relays, for 
example those commonly available from Aromat 
(#JR1aF-DC24V) or various electronic switching means 

so commonly available, such as solid state switching relays 
from Crydom, Corp. Relays 10 to 12 are electronically 
connected to a custom AC motor 14, at various posi- 
tions of its windings, disposed within the concentrator 
and electronically energized through lead 13 so as to 

55 drive the concentrator to increase or decrease the 
amount of supra-atmospheric air supplied to the molec- 
ular sieve within the concentrator. These relays 10 
through 12 can also comprise transistors, or MOS- 
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FETS. which are available from Motorola Corporation, 
of Austin, Texas. The transistors may be what are iden- 
tified as an IBGT Model No. IRGBC205, and may also 
be obtained from International Rectifier Corporation. 
Additionally, standard bipolar transistors such as Model 
No. BUL147F may also be obtained from said Motorola 
Corporation. Furthermore, these relays may be solid 
state relays, as available in the art. A typical electric 
motor and associated compressor are commercially 
available from Gast Mfg. (#OX2XM2202). It is just as 
likely that instead of controlling the operations of a 
motor such as identified at 14, that the electrically ener- 
gized components, such as the identified relays, that 
are regulated as a result of the charge conducted 
through the lead 13, from the measuring device, could 
be used to control the stroke of a linear style motor, so 
as to increase or decrease concentrator's output, and 
thereby regulate the quantity of oxygen being generated 
through the compressor, associated with such a motor, 
in addition to the quality or purity of oxygen generated. 
Such a linear motor, for use for operating linear com- 
pressor, is shown and described in the United States 
patent application entitled "Fluid Bearing With Compli- 
ant Linkage for Centering Reciprocating Bodies," Serial 
No. 08/214,984, filed on March 21, 1994, and the sub- 
ject matter of such application is incorporated herein by 
reference. The degree of charge conducted over the cir- 
cuit line 13, from the gas measuring device 3, can be 
used to control and regulate the stroke of the linear 
motor in its providing functioning to the compressor of 
the oxygen concentrator. 

[0043] Each of the relays 10 to 12, are operatively 
connected to one of a plurality of conventional taps 15, 
16 and 17 on the winding 18 of motor 14. 
[0044] In operation, a sample of gas G enters into port 
2 and is analyzed by sensor 5 of the oxygen concentra- 
tion indicator 3. Pre-printed circuitry board 4 converts 
the concentration of oxygen as detected by sensor 5 to 
a voltage ranging from 0 to 1 volt DC corresponding to 0 
to 100 percent oxygen in the sample. This voltage is fed 
to the set-point amplifiers 6 to 8 which are pre-adjusted 
to respond to various predetermined oxygen concentra- 
tions. For example, when the oxygen concentration of 
sample G drops below a predetermined level, for exam- 
ple, 80% oxygen, motor 14 would be energized for max- 
imum revolutions per minute (r.p.m.'s) and thereby 
boost the concentration of oxygen generated by the 
concentrator. And, for example, amplifier 8 could be set 
to maintain a minimal rate of r.p.m.'s to provide a mini- 
mal output from motor 14 if the detected oxygen con- 
centration exceeds a high range, for example, 
something equal to or greater than 90%. The r.p.m. 
selection of motor 14 is achieved by taps 15, 16 and 17 
on motor winding 18, which is common to the art. 
[0045] Pre-programmed logic block 9 functions to ana- 
lyze the output from the set point amplifiers 6 to 8 before 
that output is fed to relays 10 to 12 so as to insure that 
only one of the solid state relays is energized at any 



given time, thus preventing a potential problem that 
would result if two or more relays were energized at the 
same time. Logic block 9 may also contain time delays 
in order to accommodate some small fluctuations in the 

5 oxygen concentration is sample G that do not warrant a 
change in the oxygen concentration and thus do not 
warrant a change in the speed of motor 14. The logic 
block 9 consists of CMOS technology integrated circuits 
commonly available from National Semiconductor, such 

jo as #CD4001 and timer integrated circuits also com- 
monly available from National Semiconductor. More 
specifically, the logic block 9 includes a series of stand- 
ard logic gates, and is available from national Semicon- 
ductor, or such a logic block can be obtained from 

is Motorola Corporation, of Austin, Texas, under Model 
No. MC14000 Series. 

[0046] Relays 1 0 to 1 2 energize the individual taps 1 5 
to 17 by stepping up the low voltage outputs from logic 
block 9 to the AC motor, or linear motor, to higher volt- 

20 age requirements. 

[0047] There is a continuous monitoring by oxygen 
concentration indicator 3 of sampling of the gas mixture 
generated by the oxygen concentrator. The combination 
of the set-point amplifiers 6 to 8, logic block 9, relays 10 

25 to 1 2, and connected taps 1 5 to 1 7 on the motor winding 
18, combine to adjust the speed of motor 1 4 in response 
to the concentration of oxygen in sample G. Therefore, 
there is an adjustment mechanism to keep the oxygen- 
rich air at a near constant desired concentration for the 

30 user. 

[0048] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of the invention. For example, although the 
invention has three set point amplifiers and three solid 

35 state relays and three rpm taps employed in the pre- 
ferred embodiment, there may be a greater number of 
lesser number of set point amplifiers and corresponding 
relays and taps which would allow for wider variation in 
the incremental changes in the motor rpm's. For exam- 

40 pie, a greater number of set point amplifiers and corre- 
sponding relays and taps would allow for smaller 
incremental increases in motor rpm's. 
[0049] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using set-point 

45 frequency means is shown generally schematically and 
diagrammatically as reference numeral 1 in Figure 2. 
[0050] A gas sample inlet port 2 consisting of a tube 
or fitting or other appropriate means is operatively con- 
nected to and leads from an oxygen concentrator flows 

so into device 1 and is shown generally at 3 which is com- 
prised of a conventional pre-printed circuit board 4 and 
an oxygen sensor 5. TTie oxygen concentration indicator 
assembly is available from Nellcor Puritan Bennett 
Incorporated, Serial No. #C-492744-66. 

55 [0051] The oxygen sensor 5 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5,060,514, which is owned by the common 
assignee of this application, the disclosure of which is 
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herein incorporated by reference. Printed circuit board 4 
integrates the oxygen content of sample G as deter- 
mined by sensor 5 and converts the concentration to an 
electrical output ranging from 0 to 1 volt D.C. which cor- 
responds to 0 to 100 percent oxygen. 
[0052] Oxygen concentration indicator 3 is electroni- 
cally connected to three set-point amplifiers, shown as 
amplifier 19, 20, and 21 in Figure 2. The set-point ampli- 
fiers are voltage comparators available from National 
Semiconductor, # LM393. Although the preferred 
embodiment employs three such set-point amplifiers, it 
should be noted that any number greater than one may 
be used. Set-point amplifiers 19, 20, and 21 are elec- 
tronically connected to a set-point frequency generator 
22. Although three frequency set-points are employed in 
the preferred embodiment, it should be noted that there 
may be any number greater than one corresponding to 
the number of set-point amplifiers employed. 
[0053] The set-point frequency generator 22 contains 
the pre-programmed logic block circuitry, the frequency 
control circuitry, and a MOSFET solid state switching 
device 23. This may also be a transistor, such as availa- 
ble from International Rectifier Corporation, under 
Model No. IBGT. This pre-programmed logic block cir- 
cuitry functions to analyze the output from set-point 
amplifiers 19, 20, and 21 , so as to ensure that only one 
frequency is output from the set-point frequency gener- 
ator 22 at any given time, thus preventing potential prob- 
lems that would result if two or more frequency outputs 
were selected at the same time. The pre-programmed 
logic block may also contain time delays in order to 
accommodate some fluctuations in the oxygen concen- 
tration in sample G that do not warrant a change in the 
oxygen concentration and thus do not warrant a change 
in the speed of the motor 25. The pre-programmed logic 
block consists of CMOS technology integrated circuits 
commonly available from National Semiconductor such 
as, CC4001 and timer integrated circuits commonly 
available from National Semiconductor such as, LM555. 
In addition, the frequency generator 22, which acts in 
conjunction with the MOSFET 23, may also use a 
Motorola Corporation microprocessor with pulse modu- 
lated outputs, and process the charge conducted from 
the amplifiers 19, etc., that correspond to the speed 
desired for operations of the motor 25, or any linear 
style motor as used, in order to control their speed. The 
frequency generator 22 can also be obtained from a 
Company such as Motorola Corporation, under Model 
No. MC78HC11KA2. This frequency generator may 
also perform the logic block functions. 
[0054] Additionally, the set-point frequency generator 
22 contains pre-programmed frequency control cir- 
cuitry. This circuitry functions to drive the MOSFET 23 
at pre-programmed levels. The MOSFET 23 converts 
the low voltage drive signal to the high voltage that trav- 
els along wire 24 to motor 25. The MOSFET 23 is com- 
monly available from International Rectifier such as, # 
IRF830. It may be desirable in some applications to use 



a number of MOSFETs such as, IRF830, in a H-bridge 
configuration for more precise control. The motor 25 
can be a commonly available inductive motor such as 
the motor attached to Thomas Industries compressor 

5 motor assembly # 261 9CE42-925. Or, it can be a linear 
style motor as previously described. The motor 25 oper- 
ates such that the r.p.m. of the motor is a function of the 
frequency that the motor is driven at; for example, a low 
frequency yields a low r.p.m., or speed, and likewise a 

jo higher frequency would yield a higher r.p.m., or speed. 
[0055] In operation, a sample of gas G enters into port 
2 and is analyzed by sensor 5 of the oxygen concentra- 
tion indicator 3. Pre-printed circuit board 4 converts the 
concentration of oxygen as detected by sensor 5 to a 

75 voltage ranging from 0 to 1 volt D.C. corresponding to 0 
to 100 percent oxygen in the sample. This voltage is fed 
to the set-point amplifiers 19, 20, and 21 which are pre- 
adjusted to respond to various predetermined oxygen 
concentrations. For example, when the oxygen concen- 

20 tration of sample G drops below a predetermined level, 
for example, 90% oxygen, motor 25 would be energized 
for maximum revolutions per minute (r.p.m. 's) and 
thereby boost the concentration of oxygen generated by 
the concentrator. And, for example, amplifier 21 could 

25 be set to maintain a minimal rate of r.p.m.'s to provide a 
minimal output from motor 25 if the detected oxygen 
concentration exceeds a high range, for example, 
something equal to or greater than 90%. The r.p.m. 
selection of motor 25 is achieved by selecting frequen- 

30 cies that correspond to the predetermined r.p.m's. 
[0056] There is a continuous monitoring by oxygen 
concentration indicator 3 of sampling of the gas mixture 
generated by the oxygen concentrator. The combination 
of the set-point amplifiers 19, 20, and 21 , set-point fre- 

35 quency generator 22, MOSFET arrangement 23, and 
wire 24 combine to adjust the speed of motor 25 in 
response to the concentration of oxygen in sample G. 
Therefore, there is a mechanism to keep the oxygen 
enriched air at a near constant desired concentration for 

40 the user. 

[0057] Those skilled in the art will recognize that mod- 
ifications of the present invention as shown in Fig. 2 can 
be made within the scope of the invention. For example, 
although the invention has three set-point amplifiers 

45 and three r.p.m. set-points (output) employed in the pre- 
ferred embodiment, there may be a greater number of 
set-point amplifiers and frequency outputs, which would 
allow for wider variation in the incremental changes in 
the motor r.p.m.'s. For example, a greater number of 

50 amplifiers and frequency outputs would allow for smaller 
incremental increases in the motor r.p.m. 's. ft may be 
advantageous in some applications to use a two speed 
motor in lieu of a greater number of speeds which could 
result in lower cost, lower number of set-points, amplrfi- 

55 ers, and frequency outputs. 

[0058] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using variable 
frequency means is shown generally schematically and 
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diagrammatically as reference numeral 1 in Figure 3. 
[0059] A gas sample inlet port 2 consisting of a tube 
or fitting or other appropriate means is operatively con- 
nected to and leads from an oxygen concentrator, flows 
into device 1 and is shown generally at 3 which is com- 5 
prised of a conventional pre-printed circuit board 4 and 
an oxygen sensor 5. The oxygen concentration indicator 
assembly is available from Nellcor Puritan Bennett 
Incorporated, # C-492744-66. 
[0060] The oxygen sensor 5 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5.060,514, which is owned by the common 
assignee of this application, the disclosure of which is 
herein incorporated by reference. Printed circuit board 4 
integrates the oxygen content of sample G as deter- 
mined by sensor 5 and converts the concentration to an 
electrical output ranging from 0 to 1 volt D.C. which cor- 
responds to 0 to 100 percent oxygen. 
[0061] Oxygen concentration indicator 3 is electroni- 
cally connected to the frequency generator 26 in Figure 
3. The frequency generator 26 contains the pre-pro- 
grammed logic block circuitry, the frequency control cir- 
cuitry, and a MOSFET solid state switching device 27. 
The pre-programmed logic block circuitry functions to 
analyze the output from the oxygen concentration indi- 
cator 3. The pre-programmed logic block may also con- 
tain time delays in order to accommodate some small 
fluctuations in the oxygen concentration in sample G 
that do not warrant a change in the oxygen concentra- 
tion and thus do not warrant a change in the speed of 
the motor 29. The pre-programmed logic block consist 
of CMOS technology integrated circuits commonly 
available from National Semiconductor such as, 
CD4001 and timer integrated circuits commonly availa- 
ble from National Semiconductor such as, LM555. The 
input to the frequency generator 26, in this particular 
design, utilizes analog inputs to achieve processing of 
the output from the gas measuring device 5, through its 
circuit board 4, rather than utilizing digital inputs of the 
type regulating the set-point amplifiers 19through21, or 
6 through 8, as previously described. 
[0062] Additionally, the frequency generator 26 con- 
tains pre-programmed frequency control circuity limiting 
the range of r.p.m. *s that can be derived by the oxygen 
concentration indicator 3 input. This circuitry functions 
to drive the MOSFET 27 over pre-programmed range. 
The MOSFET 27 converts the low voltage drive signal 
to the high voltage that travels along wire 28 to motor 
29. The MOSFET 27 is commonly available from Inter- 
national Rectifier as, # IRF830. It may be desirable in 
some applications to use a number of MOSFET's such 
as, IRF830, in a H-bridge configuration for more precise 
control. The motor 29 can be a commonly available 
inductive motor such as the motor attached to Thomas 
Industries compressor motor assembly # 2619CE42- 
925. The motor 29 operates such that the r.p.m. of the 
motor is a function of the frequency that the motor is 
driven at; for example, a low frequency yields a low 



rp.m., or speed and likewise a higher frequency would 
yield a higher r.p.m. or speed. 
[0063] In operations, a sample of gas G enters into 
port 2 and is analyzed by sensor 5 of the oxygen con- 
centration indicator 3. Pre-printed circuit board 4 con- 
verts the concentration of oxygen as detected by sensor 
5 to a voltage ranging from 0 to 1 volt D.C. correspond- 
ing to 0 to 100 percent oxygen in the sample. This volt- 
age is fed to the frequency generator 26 which is 
preadjusted to respond to various predetermined oxy- 
gen concentrations. For example, when the oxygen con- 
centration of sample G drops below a predetermined 
level, for example, 90% oxygen, motor 29 would be 
energized for maximum revolutions per minute (rp.m.'s) 
and thereby boost the concentration of oxygen gener- 
ated by the concentrator. And, for example, when the 
oxygen concentration exceeds 95.6% oxygen motor 29 
would be energized for minimum r.p.m.'s. The r.p.m. 
selection of motor 29 is achieved by selecting frequen- 
cies that correspond to the predetermined r.p.m. range. 
Once again, the motor means may comprise an A.C. 
motor, or perhaps a linear style motor, as previously 
reviewed. 

[0064] There is a continuous monitoring by oxygen 
concentration indicator 3 of sampling of the gas mixture 
generated by the oxygen concentrator. The combination 
of the frequency generator 26, MOSFET arrangement 
27, and wire 28 combine to adjust the speed of motor 29 
in response to the concentration of oxygen in sample G. 
Therefore, there is a mechanism to keep the oxygen 
enriched air at a near constant desired concentration for 
the user. 

[0065] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of the invention. For example, a wider range 
of frequencies could be used to provide a more precise 
control of the motor and thus the oxygen concentra- 
tions. Additionally, for example, it may be desirable, due 
to cost constraints, to use only two frequency outputs 
thus effectively controlling the motor at two speeds. 
[0066] It might also be commented at this time, that 
rather than utilizing the OCI board as developed by Puri- 
tan-Bennett Corporation, and as set forth at 3 in Figs. 1 
through 3 of the drawings, that it is possible that other 
forms of oxygen sensing means, for detecting the purity 
of oxygen being generated, could also be used to pro- 
vide for the inputs to the circuit line 1 3, or other inputs to 
the frequency generators 9, 22, and 26, and such oxy- 
gen sensing means are available from Companies such 
as Fujikura, of Japan. The Fujikura device is marketed 
as an oxygen sensor unit (FCX-UW), and is a limiting 
current method using zirconia solid electrolyte as the 
means for measuring the concentration of oxygen cre- 
ated by the oxygen concentrator. In addition, other 
examples of oxygen sensing technologies and sensing 
means that could be utilized in conjunction with this 
invention are described in a publication entitled The 
Measurement of Oxvqen in Gas Mixtures, by R. 
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Kocache, which publication is available from the Insti- 
tute of Physics, under Publication No. 0022- 
3735/86/060401+12. Said publication is incorporated 
herein by reference. 

[0067] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using multi- 
speed D.C. means is shown generally schematically 
and diagrammatically as reference numeral 1 in Figure 
4. 

[0068] A gas sample inlet port 2 consisting of a tube 
or fitting or other appropriate means is operatively con- 
nected to and leads from an oxygen concentrator flows 
into device 1 and is shown generally at 3 which is com- 
prised of a conventional pre-printed circuit board 4 and 
an oxygen sensor 5. The oxygen concentration indicator 
assembly is available from Nellcor Puritan Bennett 
Incorporated, # C-492744-66. 
[0069] The oxygen sensor 5 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5,060,514, which is owned by the common 
assignee of this application, the disclosure of which is 
herein incorporated by reference. Printed circuit board 4 
integrates the oxygen content of sample G as deter- 
mined by sensor 5 and converts the concentration to an 
electrical output ranging from 0 to 1 volt D.C. which cor- 
responds to 1 to 100 percent oxygen. 
[0070] Oxygen concentrator indicator 3 is electroni- 
cally connected to three set-point amplifiers, shown as 
amplifier 30, 31 and 32 in Figure 4. The set-point ampli- 
fiers are voltage comparators available from National 
Semiconductor, # LM393. Although the preferred 
embodiment employs three such set-point amplifiers, it 
should be noted that any number greater than one may 
be used. Set-point amplifiers 30, 31 and 32 are elec- 
tronically connected to three relay mechanisms 34, 35 
and 36. Although three relay mechanisms are employed 
in the preferred embodiment, it should be noted that 
there may be any number greater than one correspond- 
ing to the number of set-point amplifiers employed. 
Relay mechanisms may consist of mechanical relays, 
commonly available from Aromat, # JR1aF-DC24V, or 
various electronic switching means commonly available, 
such as solid state switching relays from Crydom Corp., 
USA. Relays 34, 35 and 36 are electronically connected 
to a D.C. motor 38, at various positions of its windings, 
disposed within the concentrator and electronically 
energized through lead 37 so as to drive the concentra- 
tor to increase or decrease the amount of supra-atmos- 
pheric air supplied to the molecular sieve within the 
concentrator. A custom murti-tap (tap numbering 
greater than one) to be manufactured within the scope 
of this invention by those skilled in the art 
[0071] Each of the relays 34, 35 and 36 are opera- 
tively connected to a voltage divider network 39. The 
voltage divider network 39 serves to provide various 
voltage levels which are in turn used to drive motor 38 at 
different pre-programmed r.p.m.'s, or speeds. 
[0072] In operation, a sample of gas G enters into port 



2 and is analyzed by sensor 5 of the oxygen concentra- 
tion indicator 3. Pre-printed circuit board 4 converts the 
concentration of oxygen as detected by sensor 5 to a 
voltage ranging from 0 to 1 volt D.C. corresponding to 0 

5 to 1 00 percent oxygen in the sample. This voflage is fed 
to the set-point amplifiers 30, 31 and 32 which are read- 
justed to respond to various predetermined oxygen con- 
centrations. For example, when the oxygen 
concentration of sample G drops below a predeter- 

ro mined level, for example, 90% oxygen, motor 38 would 
be energized for maximum revolutions per minute 
(r.p.m.'s) and thereby boost the concentration of oxygen 
generated by the concentrator. And, for example, ampli- 
fier 32 could be set to maintain a minimal rate of r.p.m.*s 

15 to provide a minimal output from motor 38 if the 
detected oxygen concentration exceeds a high range, 
for example, something equal to or greater than 90%. 
The r.p.m. selection of motor 38 is achieved by taps on 
the voltage divider network 39. Or, the outputs from the 

20 relays 34 through 36, as processed by the voltage 
divider network 39, could also be used to drive, and 
maintain a level of operation. 
[0073] Pre-programmed logic block 33 functions to 
analyze the output from the set-points amplifiers 30, 31 

25 and 32 before that output is fed to relays 34, 35 and 36 
so as to insure that only one of the relays is energized 
at any given time, thus preventing a potential problem 
that would result if two or more relays were energized at 
the same time. Logic block 33 may also contain time 

so delays in order to accommodate some small fluctua- 
tions in the oxygen concentration in sample G that do 
not warrant a change in the oxygen concentrations and 
thus do not warrant a change in the speed of motor 38. 
The logic block 33 consists of CMOS technology inte- 

35 grated circuits commonly available from National Semi- 
conductor such as, # CD4001 and timer integrated 
circuits commonly available from National Semiconduc- 
tor, # LM555. 

[0074] Relays 30, 31 and 32 energize motor 38 by 

40 selecting individual taps on the voltage divider network 
39 by stepping up the low voltage outputs from logic 
block 33 to the D.C. motor higher voltage requirements. 
[0075] There is a continuous monitoring by oxygen 
concentration indicator 3 of sampling of the gas mixture 

45 generated by the oxygen concentrator. The combination 
of the set-point amplifiers 30, 31 , and 32, logic block 33, 
relays 34, 35, and 36 voltage divider network 39, com- 
bine to adjust the speed of motor 38 in response to the 
concentration of oxygen in sample G. Therefore, there 

so is a mechanism to keep the oxygen enriched air at a 
near constant desired concentration for the user. 
[0076] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of the invention. For example, although the 

55 invention has three set-point amplifiers and three relay 
mechanisms and three voltage taps employed in the 
preferred embodiment, there may be a greater number 
of set-point amplifiers and corresponding relays and 
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taps which would allow for wider variation in the incre- 
mental changes in the motor r.p.m.'s. For example, a 
greater number of set-point amplifiers and correspond- 
ing relays and taps would allow for smaller incremental 
increases in motor r.p.m.'s. Additionally, different meth- 
ods of obtaining preset voltage levels may be employed 
in lieu of the voltage divider network. For example, 
transformer taps may be employed producing an A.C. 
voltage then rectified into preselected DC. voltage lev- 
els at any greater number than one. 
[0077] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using pulse 
width modulation means is shown generally schemati- 
cally and diagrammatically as reference numeral 1 in 
Figure 5. 

[0078] A gas sample inlet port 2 consisting of a tube 
or fitting or other appropriate means is operatively con- 
nected to and leads from an oxygen concentrator, flows 
into device 1 and is shown generally at 3 which is com- 
prised of a conventional pre-printed circuit board 4 and 
oxygen sensor 5. The oxygen concentration indicator 
assembly is available from Nellcor Puritan Bennett 
Incorporated. # C-492744-66. 
[0079] The oxygen sensor 5 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5,060,514, which is owned by the common 
assignee of this application, the disclosure of which is 
herein incorporated by reference. Printed circuit board 4 
integrates the oxygen content of sample G as deter- 
mined by sensor 5 and converts the concentration to an 
electrical output ranging from 0 to 1 volt D.C. which cor- 
responds to 0 to 100 percent oxygen. 
[0080] Oxygen concentrator indicator 3 is electroni- 
cally connected to the Pulse Width Modulation (PWM) 
motor speed control 40 in Figure 5. The PWM motor 
speed control 40 is made up of circuitry commonly avail- 
able from National Semiconductor, # LM555. The PWM 
motor speed control 40 receives the predetermined cal- 
ibration output from the oxygen concentration indicator 
3 to provide a corresponding duty cycle variable, or 
pulse width modulated output. For example, the D.C. 
output from the PWM motor speed control 40 may be 
modulated at a 50% duty cycle for a corresponding oxy- 
gen output from the oxygen concentration indicator 3 of 
95.6% oxygen, and conversely oxygen level of 80% oxy- 
gen may produce a 100% duty cycle or straight D.C. 
output. The PWM motor speed control 40 output travels 
along wires 41 to DC. motor 42. The D.C. motor 42 is 
commonly available such as, # OWOSSO, model # 
PF2800Q from Motor Products. The motor 42 operates 
such that the r.p.m. of the motor is a function of the D.C. 
drive voltage, for example, a low D.C. drive voltage 
along wire 41 will yield a low r.p.m., or speed and like- 
wise, a higher D.C. drive voltage along wire 41 will yield 
a higher r.p.m., or speed. 

[0081 ] In operation, a sample of gas G enters into port 
2 and is analyzed by sensor 5 of the oxygen concentra- 
tion indicator 3. Pre-printed circuit board 4 converts the 



concentration of oxygen as detected by sensor 5 to a 
voltage ranging from 0 to 1 vort D.C. corresponding to 0 
to 100 percent oxygen in the sample. This voltage is fed 
to the PWM motor speed control 40 which is pread- 

5 justed to respond to various predetermined oxygen con- 
centrations. For example, when the oxygen 
concentration of sample G drops below a predeter- 
mined level, for example, 80% oxygen, motor 42 would 
be energized for maximum revolutions per minute 

w (r.p.m.'s) and thereby boost the concentration of oxygen 
generated by the concentrator. And, for example, when 
the oxygen concentration exceeds 95.6% oxygen, 
motor 42 would be energized for minimum r.p.m.'s. The 
r.p.m. selection of motor 42 is achieved by selecting 

J5 D.C. voltages that correspond to the predetermined 
r.p.m. The D.C. voltages are a function of the duty cycle 
output of PWM motor speed control 40 which is control- 
led by the voltage output of the oxygen concentration 
indicator 3 which is determined by the sample gas G in 

20 the gas sensor 5. 

[0082] There is a continuous monitoring by oxygen 
concentration indicator 3 by sampling of the gas mixture 
generated by the oxygen concentrator. The combination 
of the PWM motor speed control 40, and wire 41 com- 

25 bine to adjust the speed of motor 42 in response to the 
concentration of oxygen in sample G. Therefore, there 
is a mechanism to keep the oxygen enriched air at a 
near constant desired concentration for the user. 
[0083] Those skilled in the art will recognize that mod- 

30 rfications of the present invention can be made within 
the scope of the invention. For example, the duty cycle 
can be more precisely controlled with higher modulation 
frequencies to provide a more precise control of the 
motor and thus the oxygen concentrations. Likewise, 

35 brushed or brushless D.C. motors could be used within 
the scope of this invention to provide lower cost alterna- 
tives (brushed) or more reliable alternatives (brushless). 
Furthermore, "Off-the-Shelf" D.C. motor speed control- 
lers using variable DC. output in response to a voltage 

40 or current input could be used for control of the motor. 
[0084] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using flow posi- 
tion control means is shown generally schematically 
and diagrammatically in Figure 6. 

45 [0085] A gas sample inlet 43 consisting of tube or f it- 
ting or other appropriate means is operatively con- 
nected to a flow meter 44. Concentrator gases G flows 
through the gas sample inlet port 43 and into flow meter 
44 and exhausts from flow meter 44 into the outlet port 

so 45 consisting of a tube or fitting or other appropriate 
means and supplies concentrator gas G to the patient 
Flow meter 44 is typically made of clear plastic material 
and is common in the art. For example, a flow meter that 
is commonly available from Key Instruments, # F043. 

55 Flow of concentrator gas G through flow meter causes 
the flow ball 46 to rise or fall to a location which is indic- 
ative of concentrator gas flow. For example, concentra- 
tor gas flow of three liters per minute would cause the 
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flow ball 46 to locate in a position in the flow meter 44 
such that a patient or user could see that the ball was 
aligned with external marking which indicate three liters 
per minute. Flow meter 44 such as that available from 
Key Instruments, # F043, may be modified to allow the 
insertion of infrared light transmitter 47 and infrared 
detectors 48 spaced vertically along the length of travel 
of flow ball 46 and inserted such that the infrared light 
transmitter 47 emits an infrared light beam 49 to an 
associated infrared detector 48. Whereas, the infrared 
light beam 49 travels perpendicular to the line of travel 
of the flow ball 46 there is an individual infrared light 
transmitter 47 associated with each individual infrared 
detector 48. When there is concentrator gas flow which 
causes the flow ball 46 to indicate flow one or more of 
the infrared light beams 49 becomes blocked by the flow 
ball 46 causing a loss of infrared light beam 49 detection 
at the associated infrared detector 48 or associated 
infrared detectors as the case may be. 
[0086] The infrared driver circuit 50 supplies the power 
to drive the infrared light transmitter 47. The infrared 
logic circuit 51 contains a series of voltage comparators 
such as # LM393, commonly available from National 
Semiconductor. The infrared detector 48 in cooperation 
with voltage comparators sense the presence or 
absence of the infrared light beam 49. The resulting sig- 
nal logic circuitry contained within the infrared logic cir- 
cuitry 51 using components such as, CD4001, 
commonly available from National Semiconductor, 
make the determination and produce the resultant out- 
put that is necessary to effect the r.p.m. of a motor 52 
with the use of various motor control methods 53 as dis- 
cussed previously in the preferred embodiment of this 
invention. The infrared sensing driver circuits, as at 50, 
includes both a voltage lead and current limiting resis- 
tors, to bias the infrared light transmitters 47, and as can 
be seen, these components are in series with each 
other. The infrared logic circuit 51 includes and incorpo- 
rates a series of set-point comparators, or standard 
logic gates, to regulate the voltage at the motor 52. 
Once again, the motor 52 could comprise either an AC 
motor, as stated, or even a linear type of motor means. 
It must be stated that the flow meter as described in this 
Fig. 6 may be used in lieu of the type of ultrasonic gas 
measuring device as previously described at 5, in Figs. 
1 through 5 of this application. In addition, the motor 
control means 53, as shown in Fig. 6. may comprise the 
various types of amplifiers 6 through 8, etc., the logic 
block 9, etc., and the various relays 10 through 12, as 
previously described collectively in Figs. 1 through 5. 
[0087] In operation, concentrator gas G enters a flow 
meter 44 through the gas sample inlet port 43 which 
produces an indication of flow which in turn develops an 
output from the infrared logic circuit 51 which is used to 
drive various motor control method 53 to effect a 
change in the r.p.m., or speed, of a motor 52 in 
response to a change in flow as indicated by flow ball 
46. 



[0088] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of the invention. For example, the resolution 
and flow accuracy of the flow indication is a function of 

5 the number and placement of the infrared transmitters 
and infrared detectors and, additionally, the total length 
of travel of the flow ball effects resolution and accuracy 
and is a result of the flow meter design. A longer travel 
and a greater number of infrared transmitters and infra- 

io red detectors would yield more resolution and higher 
accuracy. Additionally, for example, the infrared detector 
logic circuit could provide digital or analog outputs to 
adapt to various control methods. For example, a 0 to 1 
voltage output could be electronically scaled to apply 

7 5 the multispeed A.C. means of operation or perhaps 
scaled to apply the pulse width modulation means of 
operation. 

[0089] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using flow sen- 

20 sor control means is shown generally schematically and 
diagrammatically in Figure 7. 
[0090] A gas sample inlet port 54 consisting of a tube 
or fitting or other appropriate means is operatively con- 
nected to and leads from an oxygen concentrator and 

25 flows into a flow sensor 55. The gas sensor outlet port 
56 consisting of a tube or fitting or other appropriate 
means is operatively connected to the flow sensor and 
provides a means to supply concentrator gas G from 
flow sensor 55 to the patient or user. The f tow sensor 55 

30 used in this invention is available from MicroSwitch, Div. 
Of Honeywell, # AWM46300V. Other flow sensors avail- 
able from MicroSwitch include X99797-Aw and 
AWM3300V. The flow sensor 55 produces a voltage out- 
put of .5 to 4.5 volts D.C. in response to patient liter 

35 flows of concentrator gas G from zero to six liters per 
minute. The output of the flow sensor is fed into opera- 
tional amplifier 57 which is commonly available from 
Motorola, # LM324. The operational amplifier 57 serves 
to scale the flow sensor 55 electrical input to a voltage 

40 range that would coincide with the required various 
motor control methods 58 which in turn drives the motor 
59 to a predetermined r.p.m.. or speed. The motor con- 
trol means as previously described in Figs. 1 through 5 
of this application may be employed herein. 

45 [0091 ] The motor control means 58, as shown herein, 
is very similar to the motor control means 53. as just 
explained, and which operates in a similar manner. 
[0092] In operation concentrator gas G flows into the 
gas inlet port 54 into the flow sensor 55 and exits the 

so flow sensor 55 into and through the gas sample outlet 
port 56 to provide an electrical indication of the flow at 
the flow sensor and providing the electrical output into 
operational amplifier 57 which produces a proportional 
drive voltage to operate various motor control methods 

55 58 and provide a resulting r.p.m., or speed, at motor 59 
in response to the flow of concentrator gas G measured 
at flow sensor 55. The r.p.m. of the motor 59 thus 
becomes a function of the flow measured at the flow 
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sensor 55. 

[0093] Since it is possible with an oxygen concentrator 
to predict the amount of oxygen enriched air generated 
as a result of the amount of flow to a patient, then it is 
possible to create a curve or requirement of flow of con- 
centrator gas G to the patient verses the motor r.p.m. 
required to maintain an acceptable level of oxygen 
enriched air for a patient. For example, if a flow of one 
liter per minute requires 1000 rp.m.'s to generate an 
acceptable concentrator gas purity of greater than 90% 
oxygen, then the flow sensor 55 in conjunction with 
operational amplifier 57 and the various control method 
58 would provide the drive necessary to produce 1000 
r.p.m.'s at a motor 59. And for example, if 1700 r.p.m/s 
are required to maintain an oxygen level above 90% 
oxygen with a flow of concentrator gas G to flow, sensor 
55 of five liters per minute, then the flow sensor 55 in 
conjunction with the operational amplifier 57 and the 
various control method 58 would drive motor 59 to pro- 
duce a speed of 1 700 r.pm's. 
[0094] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of the invention. For example, although the 
invention uses an operational amplifier in the preferred 
embodiment, it may be desired, depending on applica- 
tion, to produce an output of varying frequencies in pro- 
portion to the flow indication that could be used in the 
variable frequency means of operation. 
[0095] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using intake 
control means is shown generally schematically and 
diagrammatically in Figure 8. A gas sample inlet port 60 
consisting of a tube, or fitting, or other appropriate 
means is operatively connected to and leads from an 
oxygen concentrator, flows into the oxygen concentra- 
tion indicator assembly 61 , which is comprised of a con- 
ventional pre-printed circuit board 62, and oxygen 
sensor 63. The oxygen concentration indicator assem- 
bly 61 is available from Nellcor Puritan Bennett Incorpo- 
rated, under Model No. 492744. Other sensors, as 
identified in the aforesaid publication entitled The Meas- 
urement of Oxyqen and Gas Mixtures, in addition to the 
oxygen sensing means available from Fujikura. supra, 
are available. The oxygen sensor 63 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5.060.514, which is owned by the common 
assignee of this application, the disclosure of which is 
herein incorporated by reference. Printed circuit board 
integrates the oxygen content of sample G as deter- 
mined by sensor 63 and converts the concentration to 
an electrical output ranging from 0 to 1 volt D.C. which 
corresponds to 0 to 100 percent oxygen. Oxygen con- 
centration indicator 61 is electronically connected to 
variable intake restriction 64, which is commonly availa- 
ble from, Honeywell, # BP2EV0006. The air intake 65 is 
pneumatically connected to the variable intake restric- 
tion 64 which is pneumatically connected to the com- 
pressor air intake port 66 and into compressor 67. The 



compressed air outlet port 68 is pneumatically con- 
nected to the concentrator system, in this case the 
molecular sieve beds. The compressor 67 can be any 
pneumatic compressor used in the art. 

5 [0096] In operation, concentrator gas G enters into the 
gas sample inlet port 60 which provides a sampling of 
the oxygen enriched concentrator gas G at oxygen sen- 
sor 63. The resulting electrical signal which is a function 
of the purity of concentrator gas G. Concentrator gas G 

10 is analyzed by oxygen concentration indicator 61 and 
the resultant voltage output is electronically input into 
the variable intake restriction 64 which controls, or 
restricts, the amount of ambient air supplied from air 
intake 65 into and through variable intake restriction 64 

15 and into the compressor 67 along the compressor air 
intake port 66. As known in the art, the greater the vol- 
ume of air allowed to enter into a compressor's com- 
pressor chamber then the more work that the 
compressor 67 will experience. For example, for a com- 

20 mon prescription of two liters per minute, the variable 
intake restriction 64 might be controlled by the oxygen 
concentration indicator 61 to a level of restriction of 50% 
opening, or air volume intake, at variable intake restric- 
tion 64. A prescription of four liters per minute, might 

25 provide a variable intake restriction level of 75% open at 
variable intake restriction 64. For example, if it is deter- 
mine that the patient requires two liters per minute of 
concentrator gas at a purity level greater than or equal 
to 90% oxygen then the oxygen concentration indicator 

30 61 would control via the electronic output the variable 
intake restriction to provide oxygen to the patient at lev- 
els greater than or equal to 90% oxygen. The resultant 
restriction at variable intake restriction 64 results in less 
air being allowed to enter into the compressor, thus 

35 allowing for less work on the part of compressor 67 an 
increase in efficiency resulting in lower operating cost 
for the patient. Conversely, the same concentrator could 
be used by a patient requiring a prescription of four liters 
per minute of oxygen at a level greater than or equal to 

40 90% oxygen, whereas the oxygen concentration indica- 
tor 61 would control the variable intake restriction 64 to 
allow a greater intake of atmospheric air to enter the 
compressor and provide the necessary volumes of 
compressor air to concentration system which would 

45 result in meeting the requirement of four liters per 
minute prescription. 

[0097] Currently, a concentrator capable of producing 
acceptable levels of oxygen enriched air at five liters per 
minute are used to supply oxygen enriched air to 

so patients only requiring the more common prescription of 
two liters per minute of oxygen enriched air which 
results in electrical and pneumatic inefficiencies whose 
cost is usually borne by the patient. Effectively, this 
invention allows the patient only to pay for the oxygen 

55 that they use. 

[0098] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of the invention. For example, although the 
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invention uses a variable intake restriction it is possible 
to use a number of set-points adjustable restrictions 
pneumatically connected in parallel which may be a 
more cost effective means in some applications. Or for 
example, within the scope of the invention, a f tow sensor 5 
means could be used in lieu of oxygen concentration 
indicator means to provide different levels of intake 
restriction. 

[0099] The apparatus for controlling the concentration 
of oxygen from an oxygen concentrator using bleed air 
control means is shown generally schematically and 
diagrammatically in Figure 9. A gas sample inlet port 69 
consisting of a tube, or fitting or other appropriate 
means, is operatively connected to and leads from an 
oxygen concentrator flows into the oxygen concentra- 
tion indicator 70 assembly which is comprised of a con- 
ventional pre-printed circuit board 71 and oxygen 
sensor 72. The oxygen concentration indicator 70 
assembly is available from Nellcor Puritan Bennett 
Incorporated, Model No. 492744. 
[0100] The oxygen sensor 72 is an ultrasonic gas 
measuring device of the type as described in U.S. Pat- 
ent No. 5,060,514, which is owned by the common 
assignee of this application, the disclosure of which is 
herein incorporated by reference. Pre-printed circuit 
board 71 integrates the oxygen content of sample G as 
determined by sensor 72 and converts the concentra- 
tion to an electrical output ranging from 0 to 1 volt D.C. 
which corresponds to 0 to 100 percent oxygen. Oxygen 
concentration indicator 70 is electronically connected to 
the bleed valve 73 which is commonly available from, 
Honeywell, # BPE2EV0006. The air intake 74 is pneu- 
matically connected to the bleed valve 73 which is pneu- 
matically connected to the compressor air outlet port 75 
from the compressor 76. The compressed air outlet port 
75 is pneumatically connected to the concentrator sys- 
tem, in this case the molecular sieve beds. The com- 
pressor 76 can be any pneumatic compressor used in 
the art. 

[0101 ] In operation concentrator gas G enter into the 
gas sample inlet port 69 which provides a sampling of 
the oxygen enriched concentrator gas G at the oxygen 
sensor 72. The resulting electrical signal is a function of 
the purity of concentrator gas G. Concentrator gas G is 
analyzed by oxygen concentration indicator 70 and the 
resultant voltage output is electronically input into the 
bleed valve 73 which controls, or bleeds, an amount 
compressed from the compressor 76 at the compressed 
air outlet port 75. As known in the art, greater the 
amount of back pressures at the outlet of the compres- 
sor 76 the more work that the compressor 76 will expe- 
rience. For example, for a common prescription of two 
liters per minute, the bleed valve 73 might be controlled 
by the oxygen concentration indicator 70 to a level of 
bleed of 50% opening, or air volume exhaust, at the 
bleed valve 73 to atmosphere. A prescription of four lit- 
ers per minute, might provide a bleed opening level of 
25% opening, or bleeding, at the bleed valve 73. For 



example, if it is determined that the patient requires two 
liters per minute of concentrator gas at a purity level 
greater that or equal to 90% oxygen, then the oxygen 
concentration indicator 70 would control via the elec- 
tronic output, the bleed valve opening to provide oxygen 
to the patient at levels greater than or equal to 90% oxy- 
gen. The resultant bleed at variable bleed valve 73 
results in less back pressure at the compressor outlet 
port 75, thus allowing for less work on the part of com- 
pressor 76 and an increase in efficiency resulting in 
lower operating cost for the patient. Conversely, the 
same concentrator could be used by a patient requiring 
a prescription of four liters per minute of oxygen at a 
level greater than or equal to 90% oxygen, whereas the 
oxygen concentration indicator 70 would control the 
bleed valve 73 to allow a lesser bleed of compressed air 
to atmosphere which would result in meeting the 
requirement of the four liters per minute prescription. 
[01 02] Currently, a concentrator capable of producing 
acceptable levels of oxygen enriched air at five liters per 
minute are used to supply oxygen enriched air to 
patients only requiring the more common prescription of 
two liters pre minute of oxygen enriched air which 
results in electrical and pneumatic inefficiencies whose 
cost is usually borne by the patient. Effectively, this 
invention allows the patient to only pay for the oxygen 
that they use. 

[0103] It will be appreciated that the foregoing feed- 
back mechanisms as described and illustrated in Figs. 1 
through 9 are used with oxygen generators. Those 
skilled in the art will recognize that the oxygen genera- 
tors necessarily have motor cooling fans or generator 
ventilation fans. The foregoing feedback mechanisms 
also can be employed to control the speed of those fans 
in response to oxygen concentration. If the oxygen con- 
centration is such that the motor is operating at greater 
r.p.m.'s, then the feedback mechanism can increase the 
rate of the ventilating fan to dissipate heat from the 
motor. 

[01 04] Those skilled in the art will recognize that mod- 
ifications of the present invention can be made within 
the scope of this invention. For example, a flow sensor 
means, within the scope of this invention, could be used 
in lieu of the oxygen concentration indicator to provide 
the required amount of bleed at the bleed valve. Addi- 
tionally, the use of intake control means and the bleed 
valve means could be used together to provide a more 
precise control of the compressed air for efficient oper- 
ation of an oxygen concentrator. Also, the use of a nitro- 
gen sensor in lieu of an oxygen sensor could be used 
and the electronics calibrated to achieve minimum nitro- 
gen generation and thus maximum oxygen generation. 
Furthermore, the compressor means does not neces- 
sarily have to be restricted to reciprocating type com- 
pressors. For example, a linear stroke type compressor 
means with associated motor means may be utilized, 
such as that described in the previous application. 
Whereas the amount of stroke is controlled to provide 
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proportional control over the amount of oxygen pro- 
duced by an oxygen concentrator. It is also possible to 
use the feedback means to control the rate of operation, 
and the amount of amount of oxygen generation, in a 
ceramic based oxygen concentrator. Such as available 5 
from Fujikura, Ltd. Corporation, located at Tokyo, 
Japan. Whereas, control of voltage and/or current 
applied to the ceramic oxygen generation tubes is var- 
ied in response to the feedback means, preferably an 
oxygen sensor, to provide precise control over the rate w 
of operation of such a device. Furthermore, the type of 
sensor used to detect the amount of oxygen in the gas 
sample may also include a zirconium oxide base sen- 
sor, a paramagnetic base sensor, a galvanic type of 
sensor, and the like. Other oxygen sensors are also 75 
available, as previously described herein. 
[0105] Since these and other modifications and 
changes may be made in the invention without depart- 
ing from the scope of the invention, the foregoing 
description and accompanying illustrations should be 20 
viewed as illustrative only and not limiting in a sense. 

Claims 

1. An oxygen concentrator having a motor 25 
(14)(25)(29) (38)(42)(59) and a compressor 
(67) (76) whereby oxygen is concentrated from an 
outside air flow characterized by having a feedback 
mechanism for the controlling the output of com- 
pressor (67)(76) according to the concentration of 30 
oxygen in a sample of oxygen enriched air (G) pro- 
duced by the concentrator. 

2. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is a multispeed A.C. mecha- 35 
nism (1). 

3. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is a set-point frequency 
mechanism comprising a combination of a plurality 40 
of set point amplifiers (19), (20), (21) and a set point 
frequency generator (22). 

4. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is a variable frequency gener- 45 
ator 26 in combination with a pre-programmed logic 
block circuitry and a MOSFET solid state switching 
means (27). 

5. The oxygen concentrator of Claim 1 wherein the so 
feedback mechanism is a multispeed D.C. (1) 

6. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is a pulse width modulation 
mechanism (40). 55 

7. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is a flow sensor control mech- 



anism (55) 

8. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is an intake control mecha- 
nism (64). 

9. The oxygen concentrator of Claim 1 wherein the 
feedback mechanism is a bleed air control mecha- 
nism (73). 
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